Changes in sodium channel gating produced by point mutations in a cytoplasmic linker.
Voltage-gated sodium channels are transmembrane proteins of approximately 2000 amino acids and consist of four homologous domains (I through IV). In current topographical models, domains III and IV are linked by a highly conserved cytoplasmic sequence of amino acids. Disruptions of the III-IV linker by cleavage or antibody binding slow inactivation, the depolarization-induced closed state characteristic of sodium channels. This linker might be the positively charged "ball" that is thought to cause inactivation by occluding the open channel. Therefore, groups of two or three contiguous lysines were neutralized or a glutamate was substituted for an arginine in the III-IV linker of type III rat brain sodium channels. In all cases, inactivation occurred more rapidly rather than more slowly, contrary to predictions. Furthermore, activation was delayed in the arginine to glutamate mutation. Hence, the III-IV linker does not simply act as a charged blocker of the channel but instead influences all aspects of sodium channel gating.